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DESCRIPTION 



OPERATING SYSTEM AND VIRTUAL COMPUTER SYSTEM 



<Technical Field> 

The present invention, relates to an operating system 
capable of executing a plurality of tasks in a computer system 
and a virtual computer system capable of executing a single 
operating system or a plurality of operating systems including 
the operating system. 
<Background Art> 

In recent years, in the computer system, chances to 
select/execute a plurality of tasks by the operating system 

(also abbreviated as OS hereinafter) are increased, and 
different tasks are executed and managed under the operation 
system (s) in one CPU or a plurality of CPUs . In such operating 
system, a plurality of tasks are executed on a time-division 
basis while switching sequentially them, and thus the 
power-saving in the operating system is an important subject. 

Also, there are many chances to select/execute a 
plurality of operating systems, and various virtual machines 

(VMs) having a function for controlling the execution of the 
operating systems have been proposed . In such virtual storage 
computer systems, aplurality of operating systems are executed 
on a time-division basis while switching sequentially them, 
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and thus the power-saving in each operating system is an 
important subject. 

Operations of the operating system which manages a 
plurality of tasks in the prior art will be explained with 
reference to FIG. 29 to FIG. 31 hereunder. 

FIG. 29 is a transition diagram of an operating system 
in the prior art at the time of power-supply OFF request. 
According to the method of switching ON/OFF of the power supply 
in the prior art, ir;^ the operating system having a task A 
and a task B, if the task B issues a power-supply OFF request 
in operation of the task A, the operating system once receives 
the power-supply OFF request from the task B to turn off the 
power-supply in spite of the operation of the task A, and 
then turns ON the power supply again. Also, the similar 
process is applied to the power-supply ON request. 
Accordingly, since such a process is carried out that the 
power supply is brought into the OFF state once and then the 
power supply is restored into the ON state again to continue 
the process of the task A, the useless process is generated 
such that the power supply is returned to the ON state again 
after the power supply is brought into the OFF state once. 

FIG. 30 is a transition diagram of the operating system 
in the prior art at the time of power-saving mode switching 
request. According to the method of switching the 
power-saving mode of the CPU in the prior art, in the operating 
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system having two tasks of the task A and the task B, if the 
task B issues the power-saving mode switching request to switch 
into the power-saving mode ^ during when the task A is in 
operation in the power- saving mode <x , such a process is carried 
out that the mode is switched into the power-saving mode iS 
once although the task A is in operation in the power-saving 
mode a and then is restored to the power-saving mode a . 
Accordingly, the useless process is generated such that the 
mode is returned to the power-saving mode a again after the 
mode is switched into the power-saving mode j3 once . 

FIG. 31 is a transition diagram of the operating system 
in the prior art at the time of periodic-timer switching request . 
According to the periodic-timer switching method in the prior 
art, in the operating system having two tasks of the task 
A and the task B, if the task B issues the periodic-timer 
switching request to switch into the periodic-timer /S during 
when the task A is in operation at the periodic-timer a , such 
a process is carried out that the periodic-timer is switched 
into the periodic-timer jS once although the task A is in 
operation at the per iodic- timer a and then is restored into 
the periodic-timer a . Accordingly, the useless process is 
generated such that the period is returned to the 
periodic-timer a again after the period is switched into the 
periodic-timer once. 

Next, operations of virtual computer systems having a 
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plurality of operating systems will be explained with 
reference to FIG. 32 to FIG. 35 hereunder. 

FIG. 32 shows a configuration of a virtual computer 
system. In the virtual computer system, under the virtual 
machine 100 having one CPU or a plurality of CPUs, operating 
systems AlOl, B102,.,., Z103 that have different 
characteristics such as the real time property, the weight 
of load, etc. are executed, and also various applications 
104, 105, 106 are executed while controlling a plurality of 
hardware devices 107 on respective operating systems. 

FIG. 33 is a transition diagram of a virtual computer 
system in the prior art at the time of power-supply OFF request . 
According to the power-supply OFF switching method in the 
prior art, in a system having two operating systems of an 
operating system A (referred to as OSA hereinafter) and an 
operating system B (referred to as OSB hereinafter) , if the 
power-supply OFF is requested from the OSB in operation of 
the OSA, such a process is carried out that the power supply 
is turned OFF once and then the power supply is turned ON 
again to continue the process of the OSA. Accordingly, since 
the process of OSA is continued by returning the power supply 
to the ON state again after the power supply is brought into 
the OFF state once, the useless process is generated such 
that the pov'/er supply is returned to the ON state again after 
the power supply is brought into the OFF state once. 
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FIG. 34 is a transition diagram of the virtual computer 
system in the prior art at the time of power-saving mode 
switching request. According to the power-saving mode 
switching method in the prior art, in the system having two 
operating systems of the operating system A and the operating 
system B, if the switching to the power-saving mode /S is 
requested by the OSB during when the OSA is in operation in 
the power-saving mode a , the mode is switched into the 
power-savingmode /3 once although the OSA is in operation 

in the power-saving mode a , and then is restored into the 
power-savingmode a again. Accordingly, the useless process 
is generated such that the mode is returned to the power-saving 
mode a again after the mode is switched into the power-saving 
mode jS once. 

FIG. 35 is a transition diagram of the virtual computer 
system in the prior art at the time of periodic-timer switching 
request. According to the periodic-timer switching method 
in the prior art, in the system having two operating systems 
of the operating system A and the operating system B, if the 
switching to the periodic-timer d is requested by the OSB 
during when the OSA is in operation at the periodic- timer 
a, the period is switched into the periodic- timer ;S once 
although the OSA is in operation at the periodic-timer a , 
and then is restored into the periodic-timer a again. 
Therefore, the useless process is generated such that the 



5 



period is returned to the periodic-timer a again after the 
period is switched into the periodic-timer /3 once. 

As described above, in the operating system for managing 
a plurality of tasks in the prior art, if the switching is 
requested to the hardware device by the task other than the 
task A during when the task A is in operation, such a process 
is generated that the request is executed once and then the 
state is returned to the preceding state of the switching. 
Therefore, the useless operation is generated such that the 
request content in which there is no necessity to process 
the switching request is also processed, the operating system 
must access to the hardware device every time of such operation. 
Thus, there is the problem that the power is consumed. 

Also, in the virtual computer system for controlling 
a plurality of operating systems having different 
characteristics in the prior art , if the switchingis requested 
to the hardware device by the operating system other than 
the operating system A during when the operating system A 
is in operation, such a process is generated that the request 
is executed once and then the state is returned to the preceding 
state of the switching. Therefore, the useless operation is 
generated such that the request matter in which there is no 
necessity to process the switching request is also processed, 
the operating system must access to the hardware device every 
time of such operation. Thus, there is the problem that the 
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power is consumed. 

The present invention has been made in view of above 
problems, and it is an object of the present invention to 
provide an operating system and a virtual computer system 
capable of managing requests for hardware devices such as 
power-supply ON/OFF, etc. and reducing a power consumption, 
upon controlling a plurality of tasks or a plurality of 
operating systems. 

<Disclosure of the Invention> 

(1) In an operating system for managing a plurality of 
tasks, an operating system of the present invention comprises 
a storing means for storing execution information containing 
execution states of hardware devices in respective tasks; 
a request receiving means for receiving at least one request 
of a power-supply ON request and a power-supply OFF request 
to the hardware devices; and a power-supply 
switching/controlling means for controlling process 
execution of the request based on the execution information, 
and not-performing the process execution of the power-supply 
ON request or the power-supply OFF request when other task 
is using the hardware devices if at least one task issues 
at least one of the power-supply ON request and the power- supply 
OFF request to at least one hardware device. 

(2) In an operating system for managing a plurality of 
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tasks, an operating system of the present invention comprises 
a storing means for storing power-saving mode information 
of hardware devices in respective tasks; a request receiving 
means for receiving a power-saving mode switching request; 
and a power-saving mode switching/ controlling means for 
controlling process execution of the request based on the 
power-saving mode information, and setting a power-saving 
mode based on the power-saving mode information of a switched 
task when the task is switched. 

(3) In an operating system of the present invention, 
in the (2), the power-savingmode switching/ controlling means 
can set/change the power-saving mode based on the power-saving 
mode information during the execution of the task. 

(4) An operating system of the present invention, in 
the (2) or (3), further comprises a priority comparing means 
for comparing execution priorities of the tasks or priorities 
of the power-saving mode information, and wherein the 
power-saving mode switching/controlling means sets/changes 
the power-saving mode based on a compared result of the 
priorities during the execution of the task. 

(5) In an operating system for managing a plurality of 
tasks, an operating system of the present invention comprises 
a storing means for storing power-saving mode information 
of hardware devices in respective tasks and power-saving mode 
information of a concerned operating system itself; a request 



8 



receiving means for receiving a power-saving mode switching 
request; and a power-saving mode switching/controlling means 
for controlling process execution of the request based on 
the power-saving mode information, and setting/changing a 
power-saving mode by comparing the power-saving mode 
information of the task with the power-saving mode information 
of the operating system itself. 

(6) In an operating system for managing a plurality of 
tasks, an operating system of the present invention comprises 
a storing means for storing power-saving mode information 
of hardware devices in respective tasks and power-saving mode 
information of a concerned operating system itself; a request 
receiving means for receiving a power-saving mode switching 
request; and a power-saving mode switching/controlling means 
for controlling process execution of the request based on 
the power-saving mode information, and setting/ changing a 
power-saving mode by comparing the power-saving mode 
information of a switched task with the power-saving mode 
information of the operating system itself when the task is 
switched . 

(7) In an operating system for managing a plurality of 
tasks, an operating system of the present invention comprises 
a storing means for storing periodic- timer information of 
hardware devices in respective tasks; a request receiving 
means for receiving a periodic-timer switching request; and 
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a periodic-timer switching/ controlling means for controlling 
process execution of the request based on the periodic-timer 
information, and setting a periodic-timer based on the 
periodic-timer information of a switched when the task is 
switched . 

(8) In an operating system of the present invention, 
in the (7), the periodic-timer switching/controlling means 
can set/ change the periodic-timer based on the periodic-timer 
information during the execution of the task. 

(9) An operating system of the present invention, in 
the (7) or (8), further comprises a priority comparing means 
for comparing execution priorities of the tasks or priorities 
of the periodic-timer information, and wherein the 
periodic-timer switching/controlling means sets/changes the 
periodic-timer based on a compared result of the priorities 
during the execution of the task. 

(10) In an operating system for managing a plurality 
of tasks, an operating system of the present invention 
comprises a storing means for storing periodic-timer 
information of hardware devices in respective tasks and 
periodic-timer information of a concerned operating system 
itself; a request receiving means for receiving a 
periodic-timer switching request; and a power-saving mode 
switching/controlling means for controlling process 
execution of the request based on the per iodic- timer 
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information, and setting/changing a periodic-timer by 
comparing the periodic-timer information of the task with 
the per iodic- timer information of the operating system itself . 

(11) In an operating system for managing a plurality 
of tasks, an operating system of the present invention 
comprises a storing means for storing periodic-timer 
information of hardware devices in respective tasks and 
periodic-timer information of a concerned operating system 
itself; a request receiving means for receiving a 
periodic-timer switching request; and a periodic-timer 
switching/ controlling means for controlling process 
execution of the request based on the periodic-timer 
information, and setting/changing a periodic-timer by 
comparing the periodic-timer information of a switched task 
with the periodic-timer information of the operating system 
itself when the task is switched. 

(12) A virtual computer system of the present invention 
comprises an executing/controlling means for executing/ 
controlling at least one of operating systems set forth in 
the (1) to (11) . 

In the above operating system, if at least one task issues 
the power-supply ON request or the power-supply OFF request 
to at least one hardware device, the power-supply ON request 
or the power-supply OFF request is not carried out to 
immediately respond to the issued request when other task 
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is using the hardware device, and the power-supply ON request 
or the power-supply OFF request of the concerned hardware 
device is carried out when the task is switched, for example, 
after the task that is in operation is ended. Accordingly, 
the consumption of the useless power can be reduced and also 
the current consumption can be the suppressed. 

Also, if one task issues the power-savingmode switching 
request, the power-saving mode switching process is not 
carried out to immediately respond to the issued request when 
other task is being executed. The power-saving mode of the 
hardware device of CPU, etc. is set based on the power-saving 
mode information of the task when the task is switched after 
task that is in operation is ended or during when the switched 
task is in operation, for example, or the power-saving mode 
is set/changed by comparing the execution priority of the 
task with the priority of the power-saving mode information, 
or the power-saving mode is set/changed by comparing the 
power-saving mode information of the task with the 
power- saving mode information of the operating system itsel f . 
Accordingly, the consumption of the useless power can be 
reduced and also the current consumption can be the suppressed . 

In addition, if one task issues the periodic-timer 
switching request, the periodic- timer switching process is 
not carried out to immediately respond to the issued request 
when other task is being executed. The periodic-timer of the 
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hardware device of CPU/ etc. is set based on the periodic-timer 
information of the task when the task is switched after the 
task that is in operation is ended or during when the switched 
task is in operation, for example, or the periodic-timer is 
set/changed by comparing the execution priority of the task 
with the priority of the periodic-timer information, or the 
periodic-timer is set/changedby comparing the periodic-timer 
information of the task with the periodic-timer information 
of the operating system itself . Accordingly, the consumption 
of the useless power can be reduced and also the current 
consumption can be the suppressed. 

(13) In a virtual computer system for executing/ 
controlling a plurality of operating systems, a virtual 
computer system of the present invention comprises a storing 
means for storing execution information containing execution 
states of hardware devices in respective operating systems; 
a request receiving means for receiving at least one request 
of a power-supply ON request and a power-supply OFF request 
to the hardware devices; and a power-supply 
switching/controlling means for controlling process 
execution of the request based on the execution information, 
and not-performing the process execution of the power-supply 
ON request or the power- supply OFF request when other operating 
system is using the hardware devices if at least one operating 
system issues at least one of the power-supply ON request 
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and the power-supply OFF request to at least one hardware 
device . 

(14) In a virtual computer system for executing/ 
controlling a plurality of operating systems, a virtual 
computer system of the present invention comprises a storing 
means for storing power-saving mode information of hardware 
devices in respective operating systems; a request receiving 
means for receiving a power-saving mode switching request; 
and a power-saving mode switching/ controlling means for 
controlling process execution of the request based on the 
power-saving mode information, and setting a power-saving 
mode based on the power-saving mode information of a switched 
operating system when the operating system is switched. 

(15) In a virtual computer system of the present 
invention, in the (14), the power-saving mode 
switching/controlling means can set/change the power-saving 
mode based on the power-saving mode information during the 
execution of the operating system. 

(16) Avirtual computer systemof the present invention, 
in the (14) or (15), further comprises a priority comparing 
means for comparing execution priorities of the operating 
systems or priorities of the power-saving mode information, 
and wherein the power- saving mode switching/ control ling means 
sets / changes the power- saving mode based on a compared result 
of the priorities during the execution of the operating system. 
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(17) In a virtual computer system for executing/ 
controlling a plurality of operating systems, a virtual 
computer system of the present invention comprises a storing 
means for storing power-saving mode information of hardware 
devices in respective operating systems and power-saving mode 
information of a concerned virtual computer itself; a request 
receiving means for receiving a power-saving mode switching 
request; and a power-saving mode switching/controlling means 
for controlling process execution of the request based on 
the power-saving mode information, and setting/ changing a 
power-saving mode by comparing the power-saving mode 
information of the operating system with the power-saving 
mode information of the virtual computer system itself. 

(18) In a virtual computer system for executing/ 
controlling a plurality of operating systems, a virtual 
computer system of the present invention comprises a storing 
means for storing power-saving mode information of hardware 
devices in respective operating systems and power-saving mode 
information of a concerned virtual computer system itself; 
a request receiving means for receiving a power-saving mode 
switching request; and a power-saving mode 
switching/controlling means for controlling process 
execution of the request based on the power-saving mode 
information, and setting/changing a power-saving mode by 
comparing the power-saving mode information of a switched 
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operating system with the power-saving mode information of 
the virtual computer system itself when the operating system 
is switched. 

(19) In a virtual computer system for executing/ 
controlling a plurality of operating systems, a virtual 
computer system of the present invention comprises a storing 
means for storing per iodic- timer information of hardware 
devices in respective operating systems; a request receiving 
means for receiving a periodic-timer switching request; and 
a periodic-timer switching/ controllingmeans for controlling 
process execution of the request based on the periodic-timer 
information, and setting a periodic-timer based on the 
periodic-timer information of a switched when the operating 
system is switched. 

(20) In a virtual computer system of the present 
invention, in the (19), the periodic- timer switching/ 
controlling means can set/change the periodic-timer based 
on the periodic-timer information during the execution of 
the operating system. 

(21) A virtual computer system of the present invention, 
in the (19) or (20), further comprises a priority comparing 
means for comparing execution priorities of the operating 
systems or priorities of the periodic-timer information, and 
wherein the periodic- timer switching/ cent rolling means sets/ 
changes the periodic-timer based on a compared result of the 
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priorities during the execution of the operating system. 

(22) In a virtual computer system for executing/ 
controlling a plurality of operating systems, a virtual 
computer system of the present invention comprises a storing 
means for storing periodic-timer information of hardware 
devices in respective operating systems and periodic-timer 
information of a concerned virtual computer system itself; 
a request receiving means for receiving a periodic-timer 
switching request; and a power-saving mode 
switching/controlling means for controlling process 
execution of the request based on the periodic-timer 
information, and setting/changing a periodic-timer by 
comparing the periodic-timer information of the operating 
system with the periodic-timer information of the virtual 
computer system itself. 

(23) In a virtual computer system for executing/ 
controlling a plurality of operating systems, a virtual 
computer system of the present invention comprises a storing 
means for storing periodic-timer information of hardware 
devices in respective operating systems and periodic- timer 
information of a concerned virtual computer system itself; 
a request receiving means for receiving a periodic-timer 
switching request; and a periodic-timer 
switching/controlling means for controlling process 
execution of the request based on the periodic- timer 
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information, and setting/changing a periodic-timer by 
comparing the periodic-timer information of a switched 
operating system with the periodic-timer information of the 
virtual computer system itself when the operating system is 
switched . 

In the above virtual computer system, if at least one 
operating system issues the power-supply ON request or the 
power-supply OFF request to at least one hardware device, 
the power-supply ON request or the power-supply OFF request 
is not carried out to immediately respond to the issued request 
when other operating system is using the hardware device, 
and the power-supply ON request or the power-supply OFF request 
of the concerned hardware device is carried out when the 
operating system is switched, for example, after the operating 
system that is in operation is ended. Accordingly, the 
consumption of the useless power can be reduced and also the 
current consumption can be the suppressed. 

Also, if one operating system issues the power-saving 
mode switching request, the power-saving mode switching 
process is not carried out to immediately respond to the issued 
request when other operating system is being executed. The 
power-saving mode of the hardware device of CPU, etc. is set 
based on the power-saving mode information of the operating 
system when the operating system is switched after operating 
system that is in operation is ended or during when the switched 
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operating system is in operation, for example, or the 
power-saving mode is set/changed by comparing the execution 
priority of the operating system with the priority of the 
power-saving mode information, or the power-saving mode is 
set/changed by comparing the power-saving mode information 
of the operating system with the power-savingmode information 
of the virtual computer system itself. Accordingly, the 
consumption of the useless power can be reduced and also the 
current consumption can be the suppressed. 

In addition, if one operating system issues the 
periodic-timer switching request, the periodic-timer 
switching process is not carried out to immediately respond 
to the issued request when other operating system is being 
executed. The periodic-timer of the hardware device of CPU, 
etc. is set based on the periodic-timer information of the 
operating system when the operating system is switched after 
the operating system that is in operation is ended or during 
when the switched operating system i s in operation, for example , 
or the periodic-timer is set/changed by comparing the 
execution priority of the operating system with the priority 
of the periodic-timer information, or the periodic-timer is 
set/changed by comparing the periodic- timer information of 
the operating system with the periodic- timer information of 
the virtual computer system itself. Accordingly, the 
consumption of the useless power can be reduced and also the 
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current consumption can be the suppressed. 

<Brief Description of the Drawings> 

FIG.l is a block diagram showing a functional 
configuration of a virtual computer system using an operating 
system according to present embodiments. 

FIG. 2 is a transition diagram of an operating system 
according to a first embodiment of the present invention. 

FIG. 3 is a transition diagram of another operating 
system according to the first embodiment of the present 
invention . 

FIG. 4 is a transition diagram of an operating system 
according to a second embodiment of the present invention. 

FIG. 5 is a transition diagram of another operating 
system according to the second embodiment of the present 
invention . 

FIG. 6 is a transition diagram of an operating system 
according to a third embodiment of the present invention. 

FIG. 7 is a transition diagram of another operating 
system according to the third embodiment of the present 
invention . 

FIG. 8 is a transition diagram of an operating system 
according to a fourth embodiment of the present invention. 

FIG.^9 is a transition diagram of another operating 
system according to the fourth embodiment of the present 
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invention . 

FIG. 10 is a transition diagram of an operating system 
according to a fifth embodiment of the present invention. 

FIG. 11 is a transition diagram of another operating 
system according to the fifth embodiment of the present 
invention . 

FIG. 12 is a block diagram showing a functional 
configuration of a virtual computer system using an operating 
system having a priority comparing portion according to 
present embodiments. 

FIG. 13 is a transition diagram of an operation system 
according to a sixth embodiment of the present invention. 

FIG. 14 is a transition diagram of an operation system 
according to^ seventh embodiment of the present invention. 

FIG. 15 is a block diagram showing a functional 
configuration of a virtual computer system according to 
present embodiments. 

FIG. 16 is a transition diagram of a virtual computer 
system according to an eighth embodiment of the present 
invention . 

FIG. 17 is a transition diagram of another virtual 
computer system according to the eighth embodiment of the 
present invention. 

FIG. 18 is a transition diagram of a virtual computer 
system according to a ninth embodiment of the present 
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invention . 

FIG. 19 is a transition diagram of another virtual 
computer system according to the ninth embodiment of the 
present invention. 

FIG. 20 is a transition diagram of a virtual computer 
system according to a tenth embodiment of the present 
invention. 

FIG. 21 is a transition diagram of another virtual 
computer system according to the tenth embodiment of the 
present invention. 

FIG- 22 is a transition diagram of a virtual computer 
system according to an eleventh embodiment of the present 
invention . 

FIG. 23 is a transition diagram of another virtual 
computer system according to the eleventh embodiment of the 
present invention. 

FIG. 24 is a transition diagram of a virtual computer 
system according to a twelfth embodiment of the present 
invention . 

FIG. 25 is a transition diagram of another virtual 
computer system according to the twelfth embodiment of the 
present invention. 

FIG.^__26 is a block diagram showing a functional 
configuration of a virtual computer system having a priority 
comparing portion according to present embodiments. 
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FIG- 27 is a transition diagram of a virtual computer 
system according to a thirteenth embodiment of the present 
invention . 

FIG. 28 is a transition diagram of a virtual computer 
system according to a fourteenth embodiment of the present 
invention . 

FIG .29 is a transition diagram of an operating system 
in the prior art at the time of power-supply OFF request. 

FIG. 30 is a transition diagram of the operating system 
in the prior art at the time of power-saving mode switching 
request . 

FIG. 31 is a transition diagram of the operating system 
in the prior art at the time of periodic-timer switching 
request . 

FIG. 32 is a block diagram showing a configuration of 
a virtual computer system. 

FIG. 33 is a transition diagram of a virtual computer 
system in the prior art at the time of power-supply OFF request . 

FIG. 34 is a transition diagram of the virtual computer 
system in the prior art at the time of power-saving mode 
switching request. 

FIG. 35 is a transition diagram of the virtual computer 
system in the prior art at the time of periodic-timer switching 
request . 

As symbols in Figures , 1, 11, 22, 32 are a storingportion, 
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2, 12, 21, 31 are a receiving portion, 3, 13, 23, 33 are a 
controlling portion, 4, 14, 26, 36 are a hardware device, 
15, 38 are a priority comparing portion, 20, 30 are an operation 
system identifier, 24, 34 are a device identifier, 25, 35 
are an operation system, and 27, 37 are a virtual machine. 

<Best Mode for Carrying Out the Invention> 

Preferred embodiments of the present invention will be 
explained with reference to the accompanying drawings 
hereinafter . 

Operating systems according to present embodiments can 
manage aplurality of different tasks and control the execution 
and switching of the tasks under the operating system{s) in 
one CPU or a plurality of CPUs. Also, as shown in FIG. 32, 
virtual computer systems according to the present embodiments 
have a configuration that can execute operating systems AlOl, 
B102,..., Z103 that have different characteristics such as 
the real time property, the weight of load, etc. are, and 
also execute applications 104, 105, 106 while controlling 
a plurality of hardware devices 107 on respective operating 
systems, under the virtual machine 100 having one CPU or a 
plurality of CPUs. As the operating systems, various 
operating systems such as the real time OS incorporated into 
the machine, the time sharing system (TSS) UNIX, etc. may 
be applied. 
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Functional configurations and operations of several 
embodiments of the operating system having a plurality of 
different tasks and the virtual computer system having a 
plurality of different operating systems will be explained 
hereinafter . 

(Operating system for managing a plurality of different 
tasks ) 

Operations for the management and the control of the 
switching or change request of the task in the operating systems 
will be explained hereunder . FIG. 1 is a block diagram showing 
a functional configuration of a virtual computer system using 
the operating system according to present embodiments. 

The virtual computer system comprises hardware devices 
4, a storing portion 1 for storing/managing any one of a 
power-supply ON request and a power-supply OFF request to 
respective hardware devices or both of these requests every 
task, for example, a receiving portion 2 for receiving/ storing 
power-supply ON/OFF switching requests to the hardware devices 
from the tasks, and a controlling portion 3 for comparing 
the contents of the power-supply ON/OFF switching requests 
(i.e., information of the task that has issued the power- supply 
ON/OFF switching request) stored in the receiving portion 
2 with the contents stored in the storing portion 1 (i.e., 
information of the task that is in operation currently) and 
executing the control based on the result. The storing 
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portion 1, the receiving portion 2 , and the controlling port ion 
3 are constructed by software programs and data that can be 
executed by the CPU in semiconductor memories, etc. provided 
to the computer system, and more concrete configurations and 
operational principles of respective means can be implemented 
by using the well-known technology. Therefore, their 
explanation will be omitted herein and thus only 
characterizing portions of present embodiments will be 
explained. 

As the embodiment concerning to the operation of the 
operating system in the virtual computer system shown in FIG . 1, 
a first embodiment (power-supply ON/OFF switching request) , 
second and third embodiments (power-saving mode switching 
request of CPU) , and fourth and fifth embodiments 
(periodic-timer switching request) will be explained 
hereinafter . 

[First embodiment] 

FIG. 2 and FIG. 3 are transition diagrams of an operating 
system according to a first embodiment of thepresent invention 
In this case, the functional configuration of the virtual 
computer system employed in the first embodiment is shown 
in FIG. 1 . 

The operating system in the first embodiment reduces 
the power consumption by managing/controlling the switching 
request of the power-supply ON request or the power-supply 
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OFF request (referred to as a power-supply ON/OFF switching 
request hereinafter) to respective hardware devices in 
respective tasks. 

The operation to issue the power- supply ON/ OFF switching 
request in the first eitLbodiment will be explained. In the 
operating system for managing a plurality of tasks, if the 
power-supply ON/OFF switching request is issued from the task 
other than the concerned task in operation of one task, the 
task that is in operation currently and execution states of 
respective tasks concerning the hardware devices, etc. used 
by the task are managed by the s toringport ion 1 . The receiving 
portion 2 receives/stores the power- supply ON/OFF switching 
request from the task other than the task that is in operation . 
Then, the controlling portion 3 compares the content stored 
in the receiving portion 2 with the content stored in the 
storing portion 1 to examine them. As a result, if the 
power-supply ON/OFF switching request of this time is the 
request issued from other task except the task that is in 
operation, this power- supply ON/OFF switching request is 
processed not to be executed for the hardware device . In this 
case, the switching timing of the task, the switching approach 
of the task, etc. are similar to the normal operating system. 

FIG . 2 shows the case where the power-supply OFF request 
is issued from the task B during when the task A is in process . 
The power-supply OFF request from the task B is not executed 
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for the hardware device when the task A is in process, and 
the power-supply OFF request from the task B is processed 
after the process of the task A is ended, and then the operation 
system is ended. 

Also, FIG. 3 shows the case where the power-supply ON 
request is issued from the task B during when the task A is 
in process. The power-supply ON request from the task B is 
not executed for the hardware device when the task A is in 
process, and the power-supply ON request from the task B is 
processed after the process of the task A is ended, and then 
the task is switched and the process of the task B is executed 
as it is. 

Also, if both of the power-supply ON request and the 
power-supply OFF request are received and any one of these 
requests is issued, the request from the task other than the 
task that is in operation currently may be processed/ executed 
like the above after the process of the task that is in operation 
is ended. 

As described above, in the present embodiment, if any 
one of the power-supply ON request and the power-supply OFF 
request from other task or both requests of them are issued 
during when one task is in operation, the task that is in 
operation is processed before the request is executed. 
Therefore, the event that the access to the hardware device 
is caused every time when the power-supply ON/OFF switching 
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request is issued from other task can be prevented, and also 
consumption of the useless power can be prevented, 
[Second embodiment] 

FIG . 4 and FIG . 5 are transition diagrams of an operation 
system according to a second embodiment of the present 
invention. The functional configuration of the virtual 
computer system employed in the second embodiment is shown 
in FIG. 1 . 

The operating system in the second embodiment reduces 
the power consumption by managing/controlling the 
power-saving mode switching request of the CPU to respective 
hardware devices in respective tasks. 

In this operating system, each task has power-saving 
mode information and also the power-saving mode switching 
request of the CPU for changing the power-saving mode of the 
CPU is received in place of the power-supply ON/OFF switching 
request in the configuration of the first embodiment. Since 
other elements are similar to the constituent elements of 
the first embodiment, their explanation will be omitted. 

Then, an operation for issuing the power-saving mode 
switching request in the second embodiment will be explained 
with reference to FIG.l and FIG. 4. If the power-saving mode 
switching request is issued from the task B other than the 
task A during when the task A is in operation, the storing 
portion 1 stores /manages execution states of respective tasks 
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and execution states of respective hardware devices and which 
tasks are being executed in which power-saving modes. The 
receiving portion 2 receives/stores the power-saving mode 
switching request from the task B, and the controlling portion 
3 compares the content stored by the receiving portion 2 with 
the content stored by the storing portion 1 to examine them. 
As a result, if the power-saving mode switching request of 
this time is the request issued from the task other than task 
A, such power-saving mode switching request is processed not 
to be executed for the hard disk. 

Then, the process of the task A is completed, and the 
power-saving mode of the CPU is set based on power-saving 
mode information of the switched task B at the time of task 
switching (in switching from the task A to the task B) , 

As shown in FIG. 4, if the power-saving mode switching 
request of the task B is issued when the task A is in operation 
in the power-saving mode ml , such power-saving mode switching 
request of the task B is not executed for the hardware device, 
and then switching to the taskB and change into the power-saving 
mode m2 of the task B are carried out at a point of time when 
the process of the task A is ended. 

Also, in the operating system of the second embodiment, 
the task B can set/change the power-saving mode during the 
execution of the task B after the switching to the task B 
and the setting to the power-saving mode of the task B are 
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carried out. 

As shown in FIG. 5, if the request for changing into the 
power-saving mode m2 of the task B is issued during when the 
taskAis inoperationinthepower-savingmodeml, the switching 
to the task B and the change into the power-saving mode m2 
of the task B are carried out at a point of time when the 
process of the task A is ended. Then, the mode is changed 
into the power-saving mode ml during when the task B is in 
operation . 

As described above, in the present embodiment, if the 
power-saving mode switching request is issued from other task 
during when one task is in operation, the event that the access 
to the hardware device is caused every time when the 
power-saving mode switching request is issued from other task 
can be prevented by processing the task that is in operation 
before such request is carried out, and also the consumption 
of the useless power can be prevented. 
[Third embodiment] 

FIG. 6 and FIG. 7 are transition diagrams of an operation 
system according to a third embodiment of the present invention 
The functional configuration of the virtual computer system 
employed in the third embodiment is shown in FIG.l. 

The operating system according to the third embodiment 
for managing a plurality of tasks has the power-saving mode 
of the operation itself. The storing portion 1 in the 
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configuration of the second embodiment stores/manages 
execution states of respective hardware devices and respective 
tasks and which tasks are being executed in which power-saving 
modes, and in addition stores/manages the power-saving mode 
information of the operating system itself. Since other 
elements are similar to the constituent elements of the second 
embodiment, their explanation will be omitted. 

Then, an operation for issuing the power-saving mode 
switching request in the third embodiment will be explained 
with reference to FIG.l and FIG. 6. If the power-saving mode 
switching request is issued from the task B other than the 
task A during when the task A is in operation, the storing 
portion 1 stores/manages the power-saving mode information 
of the operating system itself in addition to the execution 
states of respective tasks and the execution states of 
respective hardware devices and which tasks are being executed 
in which power-saving modes. The controlling portion 3 
compares the content of the power-saving mode switching 
request stored in the receiving portion 2 with the content 
stored in the storing portion 1 to examine them. If the 
power-savingmode switching request of this time is the request 
issued from the task other than the task A, such power-saving 
mode switching request is processed not to be executed for 
the hard disk. Then, when the process of the task A is ended, 
the switching to the task B and the setting of the power-saving 
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mode of the task B are carried out. Then, the power-saving 
mode information of the operating system itself and the 
power-saving mode information of the task B are compared with 
each other and decided when the task B is in operation, and 
the power-saving mode of the CPU is set/changed according 
to the compared result. 

As shown in FIG. 6, the change request to the power-saving 
mode m2 of the task B is not executed for the hardware device 
during when the task A is in operation in the power-saving 
mode ml, and the task A is switched to the task B at a point 
of time when the process of the task A is ended and at the 
same time the mode is switched into the power-saving mode 
m2 of the task B. Then, the power-saving mode may be freely 
switched during the execution of the task B, based on the 
compared/decided result between the power-saving mode Ml of 
the operating system itself stored in the storing portion 
1 and the power-saving mode m2 of the task B stored in the 
receiving portion 2. 

Also, in the operating system of the third embodiment, 
the content of the power-saving mode information from the 
task B and the power-saving mode information contained in 
the operating system itself are compared with each other to 
examine them upon switching of the task B after the execution 
of the task A, and the power- saving mode may be freely selected 
based on the result. 
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As shown in FIG . 7 , the change request to the power-saving 
mode m2 of the task B is not executed for the hardware device 
when the task A is in operation in the power-saving mode ml . 
Then, the power-savingmodem2 of the task B and the power-saving 
mode Ml of the operating system itself are compared with each 
other when the process to switch to the task B is executed 
after the process of the task A is ended. As a result, the 
power-saving mode to be executed later may be freely selected . 
If the power-savingmode is switched, for example, the priority 
is assigned between the power-saving mode of the operating 
system itself and the power-saving mode of the task, or the 
power-saving mode is preferentially switched into the 
power-saving mode in which the smaller power consumption is 
needed. 

In this manner, in the operating system for managing/ 
controlling a plurality of tasks, when the power-saving mode 
switching request is issued from the task other than the task 
that is in operation, the power-saving mode of the operating 
system and the power-saving mode of the task that issues the 
power-saving mode switching request are compared with each 
other after the task that is in operation is processed, and 
the power-saving mode can be switched based on the result. 

As described above, in the present embodiment, if the 
power-savingmode switching request is issued from other task 
during when one task is in operation, the event that the access 
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to the hardware device is caused every time when the 
power-saving mode switching request is issued from other task 
can be prevented by processing the task that is in operation 
before such request is carried out, and also the consumption 
of the useless power can be prevented. 
[Fourth embodiment] 

FIG. 8 and FIG. 9 transition diagrams of an operating 
system according to a fourth embodiment of the present 
invention. The functional configuration of the virtual 
computer system employed in the fourth embodiment is shown 
in FIG.l. 

The operating system in the fourth embodiment reduces 
the power consumption by managing/ controlling the 
periodic-timer switching request to respective hardware 
devices in respective tasks. 

This operating system receives the periodic- timer 
switching request for changing the periodic-timer, in place 
of the power-supply ON/OFF switching request in the 
configuration of the first embodiment. Since other elements 
are similar to the constituent elements of the first embodiment, 
their explanation will be omitted. 

Then, an operation for issuing the periodic- timer 
switching request in the fourth embodiment will be explained 
with reference to FIG.l and FIG. 8. In the operating system 
for managing/controlling a plurality of tasks, if the 
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periodic-timer switching request is issued from the task other 
than the task A during when the task A is in operation, the 
execution states of respective tasks and the execution states 
of respective hardware devices are managed, and also the 
storing portion 1 stores/manages which tasks are being 
executed at which periodic-timers. The receiving portion 2 
receives/stores the periodic-timer switching request from 
the task B, and the controlling portion 3 compares the content 
stored in the receiving portion 2 with the content stored 
in the storing portion 1 to examine them. As the compared 
result, if the request content of this time is the request 
issued from the task B, such periodic-timer switching request 
is processed not to be executed. Then, when the task is 
switched after the process of the task A is ended, the 
periodic-timer of the CPU is set based on the periodic-timer 
information of the switched task B. 

As shown in FIG. 8, if the change of the task B to the 
periodic-timer f2 is requested during when the task A is 
executed at the periodic-timer fl, the periodic-timer 
switching request is not executed for the hardware device, 
and the switching to the task B and the change to the 
periodic-timer f2 of the task B are carried out at a point 
of time when the process of the task A is ended. 

Also, in the operating system in the fourth embodiment, 
after the process of the task A is ended and then the switching 
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to the task B and the setting to the periodic-timer f2 of 
the task B are carried out, the task B can set/change the 
periodic-timer when the task B is in operation. 

As shown in FIG. 9, if the change request of the task 
B into the periodic-timer f2 is issued during when the task 
Ais in operation at the periodic-timer f 1, such periodic-timer 
switching request is not executed for the hardware device. 
Then, after the process of the task A is ended and then the 
switching to the task B and the change into the periodic-timer 
f2 of task B are carried out, the period is switched into 
the periodic-timer fl when the task B is in operation. 

As described above, in the present embodiment, if the 
periodic-timer switching request is issued from other task 
during when one task is in operation, the event that the access 
to the hardware device is caused every time when the 
periodic-timer switching request is issued from other task 
can be prevented by processing the task that is in operation 
before such request is carried out, and also the consumption 
of the useless power can be prevented. 
[Fifth embodiment] 

FIG. 10 and FIG. 11 are transition diagrams of an 
operating system according to a fifth embodiment of the present 
invention. The functional configuration of the virtual 
computer system employed in the fifth embodiment is shown 
in FIG.l. 
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In addition to the storing portion 1 in the configuration 
of the fourth embodiment stores/manages execution states of 
respective tasks and respective hardware devices and which 
tasks are being executed at which periodic-timers, the fifth 
embodiment stores/manages the periodic-timer information of 
the operating system itself . Since other elements are similar 
to the constituent elements of the fourth embodiment, their 
explanation will be omitted- 

Then, an operation for issuing the periodic-timer 
switching request in the fifth embodiment will be explained 
with reference to FIG.l and FIG. 10. If the periodic-timer 
switching request is issued from the task other than the task 
A during when the task A is in operation, the storing portion 
1 stores/manages the execution states of respective tasks 
and the execution states of respective hardware devices and 
which tasks are being executed at which periodic-timers and 
in addition the periodic-timer information of the operating 
system itself . The controllingportion 3 compares the content 
of the periodic-timer switching request from the task B stored 
in the receiving portion 2 with the content stored in the 
storing portion 1 to examine them. As a result, if the request 
content of this time is the request issued from the task B, 
such periodic-timer switching request is processed not to 
be executed. Then, after the process of the task A is finished 
and then the switching to the task B and the setting to the 
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periodic-timer of the task B are carried out, the 
periodic-timer information of the operating system itself 
and the periodic-timer of the task B are compared with each 
other and decided when the task B is in operation, and then 
the periodic-timer is switched according to the compared 
result . 

As shown in FIG. 10, if the request for the periodic-timer 
f2 is issued from the task B during when the task A is in 
operation at the periodic-timer f 1, the switching to the task 
B and the setting to the periodic-timer f2 of the task B are 
carried out at a point of time when the process of the task 
A is ended. Then, the periodic-timer may be freely switched 
during the execution of the task B, based on the compared/ 
decided result between the periodic-timer Fl of the operating 
system itself and the periodic- timer f2 of the task B. 

Also, in the operating system of the fifth embodiment, 
when the above process of the task A is ended and the task 
is switched into the task B, the periodic-timer to be executed 
later may be freely selected based on the compared result 
between the periodic-timer fl of the task B and the 
periodic-timer Fl of the operating system itself. 

As shown in FIG. 11, the change request to the 
periodic-timer f 2 of the task B is not executed for the hardware 
device when the task A is in operation at the periodic-timer 
fl. Then, when the process of the task A is ended and the 
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switching to the task B is executed, the periodic-timer f2 
of the task B and the periodic-timer Fl of the operating system 
itself are compared with each other. As a result, the 
periodic-timer to be executed later may be freely selected. 

In this manner, in the operating system for managing/ 
controlling a plurality of tasks, when the periodic-timer 
switching request is issued from the task other than the task 
that is being executed, the periodic-timer of the operating 
system and the periodic-timer of the above task are compared 
with each other after the task that is in operation is processed, 
and the periodic- timer can be switched based on the result. 
In case the periodic-timer is switched, for example, the 
priority is assigned between the periodic-timer of the 
operating system itself and the periodic-timer of the task, 
or the periodic-timer is preferentially switched into the 
periodic-timer which is longer and has smaller power 
consumption . 

As described above, in the present embodiment, if the 
periodic-timer switching request is issued from other task 
during when one task is in operation, the event that the access 
to the hardware device is caused every time when the 
periodic-timer switching request is issued from other task 
can be prevented by processing the task that is in operation 
before such request is carried out, and also the consumption 
of the useless power can be prevented. 
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[Sixth embodiment] 

FIG. 12 is a block diagram showing a functional 
configuration of a virtual computer system using an operating 
system having a priority comparing portion according to 
present embodiments. 

This virtual computer system comprises hardware devices 
14, a storing portion 11 for storing/managing the power-saving 
mode switching request to each hardware device 14 every task, 
for example, a receiving portion 12 for receiving/storing 
the power-savingmode switching requests from respective tasks, 
a controlling portion 13 for comparing the contents of the 
power-savingmode switching requests stored by the receiving 
portion 2 with the content stored in the storing portion 11 
and executing the control, and a priority comparing portion 
15 for comparing the priority of the power-saving mode 
information that is in operation currently with the priority 
of the power-saving mode information stored in the storing 
portion 11. This virtual computer system is similar to the 
virtual computer system shown in FIG . 1 except that the priority 
comparing portion is provided thereto. 

As the embodiment concerning to the operation of the 
operating system in the virtual computer system shown in FIG . 12, 
sixth and seventh embodiments (power-saving mode switching 
request of CPU) , and eighth and ninth embodiments 
(periodic-timer switching request) will be explained 
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hereinafter . 

FIG. 13 is a transition diagram of an operating system 
according to the sixth embodiment of the present invention. 
In this case, the functional configuration of the virtual 
computer system employed in the sixth embodiment is shown 
in FIG. 12. 

The operating system in the sixth embodiment has the 
priority comparing portion for comparing the priorities 
between the task that is in operation and the task that issues 
the power- saving mode switching request, and reduces the power 
consumption by managing/controlling the power-saving mode 
switching request of the CPU to the hardware devices every 
task . 

Then, a power-saving mode switching operation of the 
CPU in the sixth embodiment will be explained with reference 
to FIG. 12 and FIG. 13 hereunder. In the operating system for 
managing/controlling a plurality of tasks, if the power- saving 
mode switching request is issued from the task B other than 
the task A when the task A is in operation, the execution 
states of respective tasks and the execution states of 
respective hardware devices are managed and the storing 
portion 11 stores/manages which tasks are being executed in 
which power-saving modes. The receiving portion 12 
receives/stores the power-saving mode switching request from 
the task B. Then, the controlling portion 13 compares the 
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content stored in the receiving portion 12 with the content 
stored in the storing portion 11 to examine them. As a result, 
if the request content of this time is the request issued 
from the task B, such power-saving mode switching request 
is not executed. Then, when the process of the task A is 
finished and the switching to the task B is carried out, the 
priorities of the task A and the task B (i.e., task priorities 
of tasks that can be executed by the operating system) are 
compared with each other to decide, and the power-saving mode 
to be changed at the time of switching to the task B can be 
decided based on the compared result of the task priorities. 

As shown in FIG. 13, when the task A is in operation in 
the power-saving mode ml, the change request to the 
power-saving mode m2 of the task B is not executed for the 
hardware device . Then, when the process of the task A is ended 
and then the task is switched to the task B, the task priorities 
of the task A and the task B are compared with each other 
to decide. If the task A has the higher task priority, the 
mode can be switched into the power-saving mode ml of the 
task A. 

Also, if the task B has the higher task priority, the 
mode can be switched into the power-saving mode m2 of the 
task B (not shown) . 

In addition, in the operating system in the sixth 
embodiment, after the process of the task A is ended and the 
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switching to the task B and the setting to the power-saving 
mode of the task B are carried out, the taskB can also set /change 
the power-saving mode when the task B is being executed. 
Otherwise, after the process of the task A is ended and the 
switching to the task B and the setting to the power-saving 
mode of the task B are carried out, the task priorities of 
the task A and the task B are compared with each other to 
decide and then the power-saving mode can be decided based 
on the priority comparison during when the task B is being 
executed. In this case, not only the execution priority of 
the task but also the priority of the power-saving mode may 
be set and then the power-saving mode may be decided based 
on the compared result of the priority. 

■ In this manner, in the operating system for managing/ 
controlling a plurality of tasks, if the power-saving mode 
switching request is issued from the task other than the task 
that is in operation, the priorities of a plurality of tasks 
are compared mutually by the priority comparing portion and 
then the power-saving mode to be changed can be decided based 
on the compared result of the priority after the task that 
is in operation is completed. 

As described above, in the present embodiment, if the 
power-saving mode switching request is issued from other task 
during when one task is in operation, the event that the access 
to the hardware device is caused every time when the 
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power-saving mode switching request is issued from other task 
can be prevented by processing the task that is in operation 
without the execution of such request, and also the consumption 
of the useless power can be prevented. 
[Seventh embodiment] 

FIG. 14 is a transition diagram of an operating system 
according to a seventh embodiment of the present invention. 
The functional configuration of the virtual computer system 
employed in the seventh embodiment is shown in FIG.l. 

The operating system in the seventh embodiment has the 
priority comparing portion for comparing the priorities 
between the task that is in operation and the task that issues 
the periodic-timer switching request, and reduces the power 
consumption by managing/controlling the periodic-timer 
switching request to respective hardware devices in respective 
tasks . 

This operating system in the seventh embodiment receives 
the periodic-timer switching request for changing the 
periodic-timer, in place of the power-saving mode switching 
request of the CPU in the configuration of the sixth embodiment . 
Since other elements are similar to the constituent elements 
of the sixth embodiment, their explanation will be omitted. 

Then, a periodic-timer switching operation in the 
seventh embodiment will be explained with reference to FIG. 12 
and FIG . 14 . In the operating system for managing/ controlling 
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a plurality of tasks, if the periodic-timer switching request 
is issued from the task other than the task A during when 
the task A is in operation, the execution states of respective 
tasks and the execution states of respective hardware devices 
are managed, and also the storing portion 11 stores/manages 
which tasks are being executed at which periodic-timers . The 
receiving portion 2 receives the periodic-timer switching 
request from the taskB, and the controllingportion 23 compares 
the content stored in the receiving portion 12 with the content 
stored in the storing portion 11 to examine them. As the 
compared result, if the request content of this time is the 
request issued from the task B, such periodic-timer switching 
request is not executed. Then, when the process of the task 
A is ended and the task is switched to the task B, the priority 
comparing portion 15 compares the task priorities of the task 
A and the task B mutually to decide and then the periodic-timer 
to be changed at the switching to the task B can be decided. 

As shown in FIG. 14, when the task A is in operation at 
the periodic-timer fl, the change request to the 
periodic-timer f 2 of the task B is not executed for the hardware 
device. Then, when the process of the task A is ended and 
then the task is switched to the task B, the priorities of 
the task A and the task B are compared mutually to decide. 
If the task A has the higher priority, the periodic-timer 
can be switched into the periodic-timer fl of the task A. 
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Also, if the task B has the higher priority, the 
periodic-timer can be switched into the periodic-timer f2 
of the task B (not shown) . 

Also, in the operating system in the seventh embodiment, 
after the process of the task A is ended and then the switching 
to the task B and the setting into the periodic-timer of the 
task B are carried out, the task B can change the periodic-timer 
when the task B is in operation . Otherwise, after the process 
of the task A is ended and the switching to the task B and 
the setting to the periodic-timer of the task B are carried 
out, the task priorities of the task A and the task B are 
compared mutually to decide and then the periodic-timer can 
be decided based on the priority comparison during when the 
task B is being executed. In this case, not only the execution 
priority of the task but also the priority of the per iodic- timer 
may be set, and then the periodic-timer may be decided based 
on the compared result of the priority. 

In this manner, in the operating system for managing/ 
controlling a plurality of tasks, if the periodic-timer 
switching reguest is issued from the task other than the task 
that is in operation, the priorities of a plurality of tasks 
are compared mutually by the priority comparing portion to 
decide and then the periodic-timer to be changed at the task 
switching can be decided based on the compared result of the 
priority after the task that is in operation is ended. 
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As described above, in the present embodiment, if the 
periodic-timer switching request is issued from other task 
during when one task is in operation, the event that the access 
to the hardware device is caused every time when the 
periodic-timer switching request is issued from other task 
can be prevented by processing the task that is in operation 
before such request is executed, and also the consumption 
of the useless power can be prevented. 

(Virtual computer system for controlling a plurality 
of operating systems) 

Next, an operation for managing/controlling the 
switching request in the virtual computer system that 
executes/controls a plurality of operating systems will be 
explained hereunder. FIG. 15 is a block diagram showing a 
functional configuration of a virtual computer system 
according to present embodiments. 

This virtual computer system includes a virtual machine 
27 that comprises an operating system identifier (abbreviated 
as an OS identifier hereinafter} 20 for managing the execution 
situations of a plurality of operating systems 25, a receiving 
portion 21 for receiving/ storing any one of the power-supply 
ON request or the power-supply OFF request or both of these 
requests from the above operating systems, for example, a 
storing portion 22 for storing/managing power-supply ON/OFF 
information of respective hardware devices every operating 
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system, a controlling portion 23 for comparing the content 
stored in the receiving portion 21 with the content stored 
in the storing portion 22 to control, and a device identifier 
24 for managing the execution situations of a plurality of 
hardware devices 26. The OS identifier 20, the storing 
portion 22, the receiving portion 21 , the controlling portion 
23, and the device identifier 24 are constructed by software 
programs and data that can be executed by the CPU in 
semiconductor memories , etc. provided to the computer system, 
and more concrete configurations and operational principles 
of respective means can be implemented by using the well-known 
technology. Therefore, their explanation will be omitted 
herein and thus only characterizing portions of present 
embodiments will be explained. 

As the embodiment concerning to the operation of the 
operating system in the virtual computer system shown in FIG .15, 
an eighth embodiment (power-supply ON/OFF switching request ) , 
ninth and tenth embodiments (power-saving mode switching 
request of CPU) , and eleventh and twelfth embodiments 
(periodic-timer switching request) will be explained 
hereinafter . 

[Eighth embodiment] 

FIG. 16 and FIG. 17 are transition diagrams of a virtual 
computer system according to an eighth embodiment of the 
present invention. In this case, the functional 
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configuration of the virtual computer system employed in the 
eighth embodiment is shown in FIG. 15. 

The operating system in the eighth embodiment reduces 
the power consumption by managing/controlling the power- 
supply ON/OFF switching request for respective hardware 
devices in respective operating systems. 

The power-supply ON/OFF switching request in the eighth 
embodiment will be explained with reference to FIG. 15. In 
the operating system for controlling a plurality of operating 
systems 25 and a plurality of hardware devices 26, if the 
power-supply ON/OFF switching request is issued from OSB 
(operating systemB) as the operation other than OSA { operating 
system A) when the OSA is in operation, which operating system 
is beingexecuted is checkedby the OS identifier 20 f ormanaging 
the execution situations of the respective operating systems, 
and the execution situations of respective hardware devices 
are checked by the device identifier 24, whereby the storing 
portion 22 stores/ manages which operating system is executing 
the hardware device. The receiving portion 21 
receives/stores the power-supply ON/OFF switching request 
from other operating system OSB other than the OSA. Then, 
the controlling portion 23 compares the content of the OSB 
that issues the power-supply ON/OFF switching request stored 
in the receiving portion 21 with the content of the present 
OSA stored in the storing portion 22 to examine them. As the 
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compared result, if the content of the power-supply ON/OFF 
switching request of this time is the power-supply ON/OFF 
switching request issued from other operating system OSB 
except the OSA that is in operation, this power-supply ON/OFF 
switching request from the OSB is processed not to be received 
as far as the OSA that is in operation executes the hardware 
device. In this case, the switching timing of the operating 
system, the switching approach of the operating system, etc. 
are similar to the normal virtual computer system. 

As shown in FIG. 16, if the power-supply OFF request is 
issued from the task B during when the OSA is in process, 
the power-supply OFF request of the OSB is held once in the 
virtual machine. Then, the power-supply OFF request is 
received at the. stage when the execution right is transferred 
to the virtual machine after the process of the OSA is ended, 
then the power-supply OFF process of the OSB is carried out, 
the power-supply OFF process of the OSA is carried out, and 
then the system is ended. 

Also, as shown in FIG. 17, if the power-supply OFF request 
is issued from the OSB, the power-supply ON request from the 
OSB is not executed for the hardware device when the OSA is 
being executed. Then, after the process of the task Ais ended, 
the task is switched and then the process of the task B is 
executed as it is. 

Also, if both of the power-supply ON request and the 
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power-supply OFF request are received and any one of these 
requests is issued, the request issued from the operating 
system other than the operating system that is in operation 
currently may be processed/executed like the above after the 
process of the operating system that is in operation is ended. 

As described above, in the present embodiment, if the 
power-supply ON/OFF switching request is issued from other 
operating system during when one operating system is in 
operation, the operating system that is in operation is ended 
before such request is executed. Therefore, the event that 
the access to the hardware device is caused every time when 
the power-supply ON/OFF switching request is issued from other 
operating system can be prevented, and also the consumption 
of the useless power can be prevented. 
[Ninth embodiment] 

FIG. 18 and FIG. 19 are transition diagrams of a virtual 
computer system according to a ninth embodiment of the present 
invention. The mechanical configuration of the virtual 
computer system employed in the ninth embodiment is shown 
in FIG. 15. 

The virtual computer system in the ninth embodiment 
reduces the power consumption by managing/controlling the 
power-saving mode switching request of the CPU to respective 
hardware devices. 

In this virtual computer system, each operating system 
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has power-saving mode information and also the power-saving 
mode switching request for changing the power-saving mode 
of the CPU is received in place of the power-supply ON/OFF 
switching request in the configuration of the eighth 
embodiment. Since other elements are similar to the 
constituent elements of the eighth embodiment, their 
explanation will be omitted. 

Then, a power-saving mode switching operation of the 
CPU in the ninth embodiment will be explained with reference 
to FIG . 15 and FIG . 18 . In the operating system for controlling 
a plurality of operating systems 25 and a plurality of hardware 
devices 26, if the power-saving mode switching request is 
issued from the operating system OSB other than the task A 
during when the operating system OSA is in operation, the 
storing portion 22 stores/manages which operating systems 
are executed in which power-saving modes by using the OS 
identifier 20, that manages the execution states of aplurality 
of operating systems, and the device identifier 24, that 
manages the execution states of a plurality of devices. The 
receiving portion 2 1 receives the power- saving mode switching 
request from the OSB, and the content stored by the receiving 
portion 21 is compared with the content stored by the storing 
portion 22 to examine them. As the compared result, if the 
content of the power-saving mode switching request of this 
time is the request issued from the OSB, such power-saving 
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mode switching request is processed not to be executed. 

As shown in FIG. 18, if the change into the power-saving 
mode m4 of the OSB is requested when the OSA is in operation 
in the power-saving mode m3 , such power-saving mode switching 
request of the OSB is not executed for the hardware device, 
and then the switching to the OSB and the change into the 
power-saving mode m4 of the OSB are carried out at a point 
of time when the process of the OSA is ended. 

Also, in the virtual computer system of the ninth 
embodiment, after the switching to the OSB and the setting 
to the power-saving mode of the CPU are carried out based 
on the power-saving mode information of the OSB, the 
power-savingmode can also be set/changed during the execution 
of the OSB. 

As shown in FIG. 19, if the request for changing into 
the power-saving mode m4 of the OSB is issued during when 
the OSA is in operation in the power-saving mode m3, the 
switching to the OSB and the change into the power-saving 
mode m4 of the task B are carried out at a point of time when 
the process of the OSA is ended. Then, the mode is changed 
into the power-saving mode m3 during when the OSB is in 
operation . 

As described above, in the present embodiment, if the 
power-saving mode switching request is issued from other 
operating system during when one operating system is in 
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operation, the event that the access to the hardware device 
is caused every time when the power-saving mode switching 
request is issued from other operating system can be prevented 
by processing the operating system that is in operation before 
such request is carried out, and also the consumption of the 
useless power can be prevented. 
[Tenth embodiment] 

FIG. 20 and FIG. 21 are transition diagrams of a virtual 
computer system according to a tenth embodiment of the present 
invention. The functional configuration of the virtual 
computer system employed in the tenth embodiment is shown 
in FIG. 15. 

The virtual computer system according to the tenth 
embodiment has the power-saving mode of the virtual computer 
system itself. The storing portion 22 in the configuration 
of the ninth embodiment stores/manages execution states of 
respective hardware devices and respective operating systems 
and which operating systems are being executed in which 
power-saving modes, and in addition stores/manages the 
power-saving mode information of the virtual computer system 
itself. Since other elements are similar to the constituent 
elements of the ninth embodiment, their explanation will be 
omitted. 

Then, a power-saving mode switching operation in the 
tenth embodiment will be explained with reference to FIG. 15 
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and FIG. 20. If the power-saving mode switching request is 
issued from the operating system OSB other than the task A 
during when the OSA is in operation, the storing portion 22 
stores/manages the power-saving mode information of the 
virtual computer system itself and in addition which tasks 
are being executed in which power-saving modes, by using the 
OS identifier 20 for managing the execution states of a 
plurality of operating systems and the device identifier 24 
for managing the execution states of a plurality of devices. 
The controlling portion 23 compares the content of the 
power-saving mode switching request from the OSB stored in 
the receiving portion 21 with the content stored in the storing 
portion 22 to examine them. As the compared result, if the 
power-savingmode switching request of this time is the request 
issued from the OSB, such power-saving mode switching request 
is processed not to be executed. Then, after the process of 
the OSA is ended and then the switching to the OSB and the 
setting of the power-saving mode of the OSB are carried out, 
the power-saving mode information of the operating system 
itself and the power-saving mode information of the OSB are 
compared with each other to decide when the OSB is in operation . 
Then, the mode can be set/changed to the power-saving mode 
of the CPU based on the result. 

As shown in FIG. 20, the change request to the 
power-savingmode m4 of the OSB is not executed for the hardware 
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device during when the OSA is in operation in the power-saving 
mode m3, and the OSA is switched to the OSB at a point of 
time when the process of the OSA is ended and at the same 
time the mode is switched into the power-saving mode m4 of 
the OSB. Then, the power-saving mode may be freely switched 
during the execution of the OSB, based on the compared/ decided 
result between the power- saving mode M2 of the virtual computer 
system and the power-saving mode m4 of the OSB. 

Also, in the virtual memory system of the tenth 
embodiment, the content of the power-saving mode information 
from the OSB stored in the receiving portion 21 and the 
power-saving mode information contained in the virtual 
computer system itself are compared with each other to examine 
them upon switching of the OSB after the execution of the 
above OSA, and the power-saving mode may be freely selected 
based on the result. 

As shown in FIG. 21, the change request to the 
power-savingmode m4 of the OSB is not executed for the hardware 
device during when the OSA is in operation in the power-saving 
mode m3 . Then, when the process of the OSA is ended and the 
process for switching to the OSB is executed, the power-saving 
mode m4 of the OSB and the power-saving mode M2 of the virtual 
computer system itself are compared with each other. As the 
compared result, the power-saving mode to be executed later 
may be freely selected. If the power-savingmode is switched. 
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for example, the priority is assignedbetween the power-saving 
mode of the virtual computer system itself and the power-saving 
mode of the task, or the power-saving mode is preferentially 
switched into the power-saving mode in which the smaller power 
consumption is needed. 

In this manner, in the virtual computer system for 
executing/controlling a plurality of operating systems, if 
the power-saving mode switching request is issued from the 
operating system other than the operating system that is in 
operation, the power-saving mode of the operating system and 
the power-saving mode of the virtual computer system are 
compared with each other after the process of the operating 
system that is in operation is ended, and the power-saving 
mode can be switched based on the result. 

As described above, in the present embodiment, if the 
power-saving mode switching request is issued from other 
operating system during when one operating system is in 
operation, the event that the access to the hardware device 
is caused every time when the power-saving mode switching 
request is issued from other operating system can be prevented 
by processing the operating system that is in operation before 
such request is carried out, and also the consumption of the 
useless power can be prevented. 
[Eleventh embodiment] 

FIG. 22 and FIG. 23 are transition diagrams of a virtual 
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computer system according to an eleventh embodiment of the 
present invention. The functional configuration of the 
virtual computer system employed in the eleventh embodiment 
is shown in FIG. 15. 

The virtual computer system in the eleventh embodiment 
reduces the power consumption by managing/controlling the 
periodic-timer switching request to respective hardware 
devices in respective operating systems. 

This virtual computer system receives the 
periodic-timer switching request for changing the 
periodic-timer, in place of the power-supply ON/OFF switching 
request in the configuration of the eighth embodiment . Since 
other elements are similar to the constituent elements of 
the eighth embodiment, their explanation will be omitted. 

Then, a periodic-timer switching operation in the 
eleventh embodiment will be explained with reference to FIG . 15 
and FIG. 22. In the virtual computer system for managing a 
plurality of operating systems 25 and a plurality of hardware 
devices 26, if the periodic-timer switching request is issued 
from the operating system other than the task A during when 
the OSA is in operation, the storing portion 22 manages which 
operating systems are being executed at whi ch per iodic- 1 imer s , 
by using the OS identifier 2 0 for managing the execution states 
of a plurality of operating systems and the device identifier 
24 for managing the execution states of a plurality of hardware 
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devices, and then the receiving portion 21 receives/stores 
the periodic-timer switching request from the OSB . Then, the 
controlling portion 23 compares the content stored in the 
receiving portion 21 with the content stored in the storing 
portion 22 to examine them. As the compared result, if the 
request content of this time is the request issued from the 
OSB, such periodic-timer switching request is processed not 
to be executed. Then, when the process of the OSA is ended 
and the operating system is switched, the periodic-timer of 
the CPU is set based on the periodic-timer information of 
the switched OSB. 

As shown in FIG. 22, when the OSA is executed at the 
periodic-timer f3, the change request for the periodic-timer 
f4 of the OSB is not executed for the hardware device, and 
the switching to the OSB and the change to the periodic-timer 
f4 of the OSB are carried out at a point of time when the 
process of the OSA is ended. 

Also, in the virtual computer system in the eleventh 
embodiment, after the process of the OSA is ended and then 
the switching to the OSB and the setting to the periodic-timer 
of the OSB are carried out, the periodic-timer can be set/ 
changed when the OSB is in operation. 

As shown in FIG. 23, if the OSA is in operation at the 
per iodic- timer f 3, the switching request to the per iodic- timer 
f4 of the OSB is not executed for the hardware device. Then, 
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the period is switched into the periodic-timer f 3 during when 
the OSB is in operation at a point of time when the process 
of the task A is ended after the switching to the OSB and 
the change to the periodic-timer f4 of the OSB are carried 
out . 

As described above, in the present embodiment, upon 
managing/controlling a plurality of operating systems, if 
the periodic-timer switching request is issued from other 
operating system during when one operating system is in 
operation, the event that the access to the hardware device 
is caused every time when the periodic-timer switching request 
is issued from other operating system can be prevented by 
processing the operating system that is in operation before 
such request is carried out, and also the consumption of the 
useless power can be prevented. 
[Twelfth embodiment] 

FIG. 24 and FIG. 25 are transition diagrams of a virtual 
computer system according to a twelfth embodiment of the 
present invention. The functional configuration of the 
virtual computer system employed in the twelfth embodiment 
is shown in FIG. 15. 

In addition to the storing portion 22 in the 
configuration of the eleventh embodiment stores /manages 
execution states of respective operating systems and 
respective hardware devices and which operating systems are 
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being executed at which periodic-timers, the virtual computer 
system of the twelfth embodiment stores/manages the 
periodic-timer information of the virtual computer system 
itself. Since other elements are similar to the constituent 
elements of the eleventh embodiment, their explanation will 
be omitted- 

Then, a periodic-timer switching operation in the 
twelfth embodiment will be explained with reference to FIG . 15 
and FIG. 24. In the virtual computer system for managing a 
plurality of operating systems 25 and a plurality of hardware 
devices 26, if the periodic-timer switching request is issued 
from the operating system OSB other than the OSA during when 
the OSA is in operation, the storing portion 22 manages the 
periodic-timer information of the virtual computer system 
itself and in addition which operating systems are being 
executed at which periodic-timers, by using the OS identifier 
2 0 for managing the execution states of a plurality of operating 
systems and the device identifier 24 for managing the execution 
states of a plurality of devices. , and then the receiving 
portion 21 receives/stores the periodic-timer switching 
request from the OSB. The controlling portion 23 compares 
the content of the periodic-timer switching request from the 
OSB stored in the receiving portion 21 with the content stored 
in the storing portion 22 to examine them. As the compared 
result, if the request content of this time is the request 
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issued from the operating system B, such periodic-timer 
switching request is processed not to be executed. Then, 
after the process of the OSA is ended and then the switching 
to the OSB and the setting to the periodic-timer of the OSB 
are carried out, the periodic-timer information of the virtual 
computer system itself and the periodic-timer of the OSB are 
compared with each other and decided, and then the 
periodic-timer can be switched according to the result during 
when the OSB is in operation. 

As shown in FIG. 24, when the OSA is in operation at the 
periodic-timer f3, the change request to the periodic-timer 
f4 of the OSB is not executed for the hardware device. Then, 
the operating system is switched to the OSB and at the same 
time the period is switched into the periodic-timer f4 of 
the OSB at a point of time when the process of the OSA is 
ended. Then, the per iodic-timer may be freely switched during 
the execution of the OSB, based on the compared/decided result 
between the periodic-timer F3 of the virtual computer system 
itself and the periodic-timer f4 of the task B. 

Also, in the virtual storing system of the twelfth 
embodiment, when the above process of the OSA is ended and 
the operating system is switched into the OSB, the 
periodic-timer to be executed later may be freely selected 
based on the compared result between the periodic-timer f4 
of the OSB and the periodic-timer F3 of the virtual computer 
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system itself. 

As shown in FIG. 25, when the OSA is in operation at the 
periodic-timer f3, the change request to the periodic-timer 
f4 of the OSB is not executed for the hardware device. Then, 
when the process of the OSA is ended and the switching to 
the OSB is executed, the periodic-timer to be executed later 
may be freely selected, based on the compared result between 
the periodic-timer f4 of the OSB and the periodic-timer F3 
of the virtual computer system itself . If the periodic-timer 
is switched, for example, the priority is assigned between 
the periodic-timer of the virtual computer system itself and 
the periodic-timer of the operating system, or the 
periodic-timer is preferentially switched into' the 
periodic-timer which is longer and has the smaller power 
consumption . 

In this manner, in the virtual computer system for 
executing/controlling a plurality of operating systems, when 
the periodic-timer switching request is issued from the 
operating system other than the operating system that is being 
executed, the periodic-timer of the operating system and the 
periodic-timer of the virtual computer system are compared 
with each other after the operating system that is in operation 
is processed, and then the periodic-timer can be switched 
based on the result. 

As described above, in the present embodiment, if the 
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periodic-timer switching request is issued from other 
operating system during when one operating system is in 
operation, the event that the access to the hardware device 
is caused every time when the periodic-timer switching request 
is issued from other operating system can be prevented by 
processing the operating system that is in operation before 
such request is carried out, and also the consumption of the 
useless power can be prevented. 
[Thirteenth embodiment] 

FIG. 26 is a block diagram showing a functional 
configuration of a virtual computer system having a priority 
comparing portion according to present embodiments. 

In the virtual computer system for managing a plurality 
of operating systems 35 and a plurality of hardware devices 
36, this virtual computer system includes a virtual machine 
37 that comprises anOS identifier 30 for managing the execution 
states of respective operating systems, a receiving portion 

31 for receiving/storing the power-saving mode switching 
requests issued from the operating systems, a storing portion 

32 for storing/ managing the power-saving mode switching 
requests to respective hardware devices every operating system, 
a priority comparing portion 38 for comparing the priorities 
between the power-saving mode that is in operation and the 
power-saving mode information stored in the storing portion 
32, a controlling portion 33 for comparing the content of 



65 



the power-saving mode switching request stored in the 
receiving portion 31 and the contents stored in the storing 
portion 32 to control, and a device identifier 34 for managing 
the execution states of respective hardware devices. This 
virtual computer system is similar to the virtual computer 
system shown in FIG. 15 except that the priority comparing 
portion is provided thereto. 

As the embodiment concerning to the operation of the 
operating system in the virtual computer system shown in FIG .26, 
a thirteenth embodiment (power-saving mode switching request 
of CPU) , and a fourteenth embodiment (periodic-timer switching 
request) will be explained hereinafter. 

FIG. 27 is a transition diagram of a virtual computer 
system according to a thirteenth embodiment of the present 
invention. In this case, the functional configuration of the 
virtual computer system employed in the thirteenth embodiment 
is shown in FIG. 26. 

The virtual computer system in the thirteenth embodiment 
has the priority comparing portion for comparing the 
priorities between the operating system that is in operation 
and the operating system that issues the power-saving mode 
switching request, and reduces the power consumption by 
managing/controlling the power-saving mode switching request 
of the CPU to the hardware devices every operating system. 

Then, a power-saving mode switching operation in the 
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thirteenth embodiment will be explained hereunder. In the 
virtual computer system for managing a plurality of operating 
systems 35 and a plurality of hardware devices 36, the storing 
portion 32 manages which operating systems are being executed 
in which power-saving modes, by using the OS identifier 30 
for managing the execution states of a plurality of operating 
systems and the device identifier 34 for managing the execution 
states of a plurality of devices. The receiving portion 
receives the power-saving mode switching request from the 
OSB. Then, the content stored in the receiving portion 31 
is compared with the contents stored in the storing portion 
32. As the compared result, if the request content of this 
time is the request issued from the OSB, such power-saving 
mode switching request is not executed. Then, when the 
process of the OSA is ended and the switching process to the 
OSB is carried out, the priorities of the OSA and the OSB 
are compared with each other to decide, and the power-saving 
mode to be changed at the time of switching to the OSB can 
be decided based on the compared result of the priorities. 

As shown in FIG. 27, when the OSA is in operation in the 
power-saving mode m3, the change request to the power-saving 
mode m4 of the OSB is not executed for the hardware device. 
Then, when the operating system is switched to the OSB at 
a point of time when the process of the OSA is ended, the 
priorities of the OSA and the OSB (i.e., execution priorities 
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of the operating systems) are compared with each other to 
decide. If the OSA has the higher priority, the mode can be 
switched into the power-saving mode m3 of the OSA. 

Also, if the OSB has the higher priority, the mode can 
be switched into the power-saving mode m4 of the OSB (not 
shown) . 

In addition, in the virtual computer system in the 
thirteenth embodiment, after the process of the OSA is ended 
and the switching to the OSB and the setting to the power-saving 
mode of the OSB are carried out, the OSB can also set/change 
the power-saving mode when the OSB is being executed. 
Otherwise, after the process of the OSA is ended and the 
switching to the OSB and the setting to the power-saving mode 
of the OSB are carried out, the operating system priorities 
of the OSA and the OSB are compared mutually to decide and 
then the power-saving mode can be decided based on the priority 
comparison during when the OSB is being executed. In this 
case, not only the execution priority of the operating system 
but also the priority of the power-saving mode may be set 
and then the power-saving mode may be decided based on the 
compared result of the priority. 

In this manner, in the virtual computer system, if the 
power-saving mode switching request is issued from the 
operating system other than the operating system that is in 
operation, the priorities of a plurality of tasks are compared 
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mutually by the priority comparing portion to decide, and 
then the power-saving mode to be changed can be decided based 
on the compared result of the priority after the operating 
system that is in operation is completed. 

As described above, in the present embodiment, if the 
power-saving mode switching request is issued from other 
operating system during when one operating system is in 
operation, the event that the access to the hardware device 
is caused every time when the power-saving mode switching 
request is issued from other operating system can be prevented 
by processing the operating system that is in operation before 
such request is executed, and also the consumption of the 
useless power can be prevented. 
[Fourteenth embodiment] 

FIG. 28 is a transition diagram of a virtual computer 
system according to a fourteenth embodiment of the present 
invention. The functional configuration of the virtual 
computer system employed in the fourteenth embodiment is shown 
in FIG. 26. 

The virtual computer system in the fourteenth embodiment 
reduces the power consumption by managing/ controlling the 
periodic-timer switching request to respective hardware 
devices in respective operating systems. 

This operating system receives the per iodic- timer 
switching request for changing the periodic-timer, in place 
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of the power-saving mode switching request of the CPU in the 
configuration of the thirteenth embodiment. Since other 
elements are similar to the constituent elements of the 
thirteenth embodiment, their explanation will be omitted. 

Then, a periodic-timer switching operation in the 
fourteenth embodiment will be explained. In the virtual 
computer system for managing a plurality of operating systems 
35 and a plurality of hardware devices 36, the storing portion 
32 manages which tasks are being executed at which 
periodic-timers, by using the OS identifier 30 for managing 
the execution states of a plurality of operating systems 35 
and the device identifier 34 for managing the execution states 
of a plurality of hardware devices 36 . The receiving portion 
31 receives the periodic-timer switching request from the 
OSB . The content stored in the receiving portion 31 is 
compared with the contents stored in the storing portion 32 
to examine them. As the compared result, if the request 
content of this time is the request issued from the OSB, such 
periodic-timer switching request is not executed . Then, when 
the switching process to the OSB is carried out after the 
process of the OSA is ended, the priorities of the OSA and 
the OSB are compared mutually to decide and then the 
periodic-timer to be changed at the switching to the OSB can 
be decided based on the compared result of the priority. 

As shown in FIG. 28, when the OSA is in operation at the 
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periodic-timer f3, the change request to the periodic-timer 
f4 of the OSB is not issued to the hardware device. Then, 
when the operating system is switched to the OSB at a point 
of time when the process of the OSA is ended, the priorities 
of the OSA and the OSB are compared mutually to decide. If 
the OSA has the higher priority, the periodic-timer can be 
switched into the periodic-timer f3 of the OSA, Also, if the 
OSB has the higher priority , the periodic-timer can be switched 
into the periodic-timer f4 of the OSB. 

Also, in the virtual computer system in the fourteenth 
embodiment, after the process of the OSA is ended and then 
the switching to the OSB and the setting into the per iodic- timer 
of the OSB are carried out, the periodic-timer can be changed 
during when the operating system is in operation. Otherwise, 
after the process of the operating system A is ended and the 
switching to the operating system B and the setting to the 
periodic-timer of the OSB are carried out, the priorities 
of the OSA and the OSB are compared mutually to decide during 
when the OSB is being executed, and then the periodic-timer 
can be set/changed based on the comparison result of the 
priority. In this case, not only the execution priority of 
the operating system but also the priority of the 
periodic-timer may be set, and then the periodic- timer may 
be decided based on the compared result of the priority. 

In this manner, in the virtual computer system, if the 
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periodic-timer switching request is issued from the operating 
system other than the operating system that is in operation, 
the priorities of a plurality of tasks are compared mutually 
by the priority comparing portion to decide and then the 
periodic-timer to be changed can be decided based on the 
compared result of the priority after the operating system 
that is in operation is ended. 

As described above, in the present embodiment, if the 
periodic-timer switching request is issued from other 
operating system during when one operating system is in 
operation, the event that the access to the hardware device 
is caused every time when the periodic-timer switching request 
is issued from other operating system can be prevented by 
processing the operating system that is in operation before 
such request is executed, and also the consumption of the 
useless power can be prevented. 

As shown in the above embodiments, in the operating 
system, execution information of respective hardware devices 
can be managed/controlled every task, and the direct 
controlling of the hardware devices by immediately executing 
the requests such as the power-supply ON/ OFF switching request, 
etc . in connection with the power consumption can be prevented 
by executing the power- supply ON/ OFF control , the power- saving 
mode control of the CPU, the clock switching control, etc., 
and also the process execution of various requests can be 
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appropriately managed. Accordingly, the current 
consumption can be suppressed. 

Also, in the virtual computer system, execution 
information of respective hardware devices can be managed/ 
controlled every operating system and also the current 
consumption can be suppressed by executing the power-supply 
ON/OFF control, the power-saving mode control of the CPU, 
the clock switching control, etc. 

<Industrial Application> 

As described above, according to the operating system 
and the virtual computer system of the present invention, 
the request such as the power-supply ON/OFF, etc. to the 
hardware device can be managed upon controlling a plurality 
of tasks and a plurality of operating systems, and thus the 
power consumption can be reduced. 
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CLAIMS 

1 . An operating system for managing a plurality of tasks, 
comprising : 

a storing means for storing execution information 
containing execution states of hardware devices in respective 
tasks; 

a request receiving means for receiving at least one 
request of a power-supply ON request and a power-supply OFF 
request to the hardware devices; and 

a power-supply switching/controlling means for 
controlling process execution of the request based on the 
execution information, and not-performing the process 
execution of the power-supply ON request or the power-supply 
OFF request when other task is using the hardware devices 
if at least one task issues at least one of the power-supply 
ON request and the power-supply OFF request to at least one 
hardware device. 

2 . An operating system for managing a plurality of tasks, 
comprising : 

a storing means for storing power-saving mode 
information of hardware devices in respective tasks; 

a request receiving means for receiving a power-saving 
mode switching request; and 

a power-saving mode switching/controlling means for 
controlling process execution of the request based on the 

74 



power-saving mode information/ and setting a power-saving 
mode based on the power-saving mode information of a switched 
task when the task is switched. 

3. An operating system according to claim 2, wherein 
the power-saving mode switching/controlling means can 
set/change the power-saving mode based on the power-saving 
mode information during the execution of the task. 

4 . An operating system according to claim 2 or 3, further 
comprising a priority comparing means for comparing execution 
priorities of the tasks or priorities of the power-saving 
mode information, and 

wherein the power-saving mode switching/ controlling 
means sets/changes the power-saving mode based on a compared 
result of the priorities during the execution of the task. 

5 . An operating system for managing a plurality of tasks, 
comprising : 

a storing means for storing power-saving mode 
information of hardware devices in respective tasks and 
power-saving mode information of a concerned operating system 
itself; 

a reguest receiving means for receiving a power-saving 
mode switching request; and 

a power-saving mode switching/controlling means for 
controlling process execution of the request based on the 
power-saving mode information, and setting/ changing a 
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power-saving mode by comparing the power-saving mode 
information of the task with the power-saving mode information 
of the operating system itself. 

6 . An operating system for managing a plurality of tasks , 
comprising : 

a storing means for storing power-saving mode 
information of hardware devices in respective tasks and 
power-saving mode information of a concerned operating system 
itself; 

a reguest receiving means for receiving a power-saving 
mode switching request; and 

a power-saving mode switching/controlling means for 
controlling process execution of the request based on the 
power-saving mode information, and setting/ changing a 
power-saving mode by comparing the power-saving mode 
information of a switched task with the power-saving mode 
information of the operating system itself when the task is 
switched . 

7 . An operating system for managing a plurality of tasks , 
comprising : 

a storing means for storing periodic- timer information 
of hardware devices in respective tasks; 

a request recei vingmeans for receiving a periodic-timer 
switching request; and 

a periodic- timer switching/controlling means for 
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controlling process execution of the request based on the 
periodic-timer information, and setting a periodic- timer 
based on the periodic-timer information of a switched when 
the task is switched. 

8. An operating system according to claim 7, wherein 
the periodic-timer switching/controlling means can 
set/change the periodic-timer based on the periodic- timer 
information during the execution of the task. 

9 . An operating system according to claim 7 or 8, further 
comprising a priority comparing means for comparing execution 
priorities of the tasks or priorities of the periodic-timer 
information, and 

wherein the periodic-timer switching/controllingmeans 
sets/changes the periodic-timer based on a compared result 
of the priorities during the execution of the task. 

1 0 . An operating system for managing a plurality of tasks, 
comprising : 

a storing means for storing periodic-timer information 
of hardware devices in respective tasks and periodic-timer 
information of a concerned operating system itself; 

a request receiving means for receiving a per iodic- timer 
switching request; and 

a power-saving mode switching/controlling means for 
controlling process execution of the request based on the 
periodic-timer information, and setting/changing a 
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periodic-timer by comparing the periodic-timer information 
of the task with the periodic-timer information of the 
operating system itself. 

11 . An operating system for managing a plurality of tasks, 
comprising : 

a storing means for storing periodic-timer information 
of hardware devices in respective tasks and periodic- timer 
information of a concerned operating system itself; 

a request receivingmeans for receiving aperiodic-timer 
switching request; and 

a periodic-timer switching/controlling means for 
controlling process execution of the request based on the 
periodic-timer information, and setting/changing a 
periodic-timer by comparing the periodic-timer information 
of a switched task with the periodic-timer information of 
the operating system itself when the task is switched. 

12. A virtual computer system comprising: 

an executing/controlling means for executing/ 
controlling at least one of operating systems set forth in 
claims 1 to 11. 

13 . A virtual computer system for executing/ controlling 
a plurality of operating systems, comprising: 

a storing means for storing execution information 
containing execution states of hardware devices in respective 
operating systems; 
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a request receiving means for receiving at least one 
request of a power-supply ON request and a power-supply OFF 
request to the hardware devices; and 

a power-supply switching/controlling means for 
controlling process execution of the request based on the 
execution information, and not-performing the process 
execution of the power-supply ON request or the power-supply 
OFF request when other operating system is using the hardware 
devices if at least one operating system issues at least one 
of the power-supply ON request and the power-supply OFF request 
to at least one hardware device. 

14 . Avirtual computer systemf or executing/ controlling 
a plurality of operating systems, comprising: 

a storing means for storing power-saving mode 
information of hardware devices in respective operating 
systems ; 

a request receiving means for receiving a power-saving 
mode switching request; and 

a power-saving mode switching/controlling means for 
controlling process execution of the request based on the 
power-saving mode information, and setting a power-saving 
mode based on the power-saving mode information of a switched 
operating system when the operating system is switched. 

15. A virtual computer system according to claim 14, 
wherein the power-saving mode switching/controlling means 
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can set/change the power-savingmode based on the power-saving 
mode information during the execution of the operating system. 

16. A virtual computer system according to claim 14 or 
15, further comprising a priority comparing means for 
comparing execution priorities of the operating systems or 
priorities of the power-saving mode information, and 

wherein the power-saving mode switching/ controlling 
means sets/changes the power-saving mode based on a compared 
result of the priorities during the execution of the operating 
system. 

17 . Avirtual computer system for executing/ controlling 
a plurality of operating systems, comprising: 

a storing means for storing power-saving mode 
information of hardware devices in respective operating 
systems and power-saving mode information of a concerned 
virtual computer itself; 

a request receiving means for receiving a power-saving 
mode switching request; and 

a power-saving mode switching/controlling means for 
controlling process execution of the request based on the 
power-saving mode information, and setting/ changing a 
power-saving mode by comparing the power-saving mode 
information of the operating system with the power-saving 
mode information of the virtual computer system itself. 

1 8 . Avirtual computer system for executing/ controlling 
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a plurality of operating systems, comprising: 

a storing means for storing power-saving mode 
information of hardware devices in respective operating 
systems and power-saving mode information of a concerned 
virtual computer system itself; 

a request receiving means for receiving a power-saving 
mode switching request; and 

a power-saving mode switching/controlling means for 
controlling process execution of the request based on the 
power-saving mode information, and setting/ changing a 
power-saving mode by comparing the power- saving mode 
information of a switched operating system with the 
power-saving mode information of the virtual computer system 
itself when the operating system is switched. 

19 . A virtual computer system for executing/ controlling 
a plurality of operating systems, comprising: 

a storing means for storing periodic-timer information 
of hardware devices in respective operating systems; 

a request receivingmeans for receiving aperiodic-timer 
switching request; and 

a periodic-timer switching/controlling means for 
controlling process execution of the request based on the 
periodic-timer information, and setting a periodic-timer 
based on the periodic-timer information of a switched when 
the operating system is switched. 
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20. A virtual computer system according to claim 19, 
wherein the periodic-timer switching/controlling means can 
set/change the periodic-timer based on the periodic-timer 
information during the execution of the operating system. 

21. A virtual computer system according to claim 19 or 
20, further comprising a priority comparing means for 
comparing execution priorities of the operating systems or 
priorities of the periodic-timer information, and 

wherein the per iodic- timer switching/ control ling means 
sets/changes the periodic-timer based on a compared result 
of the priorities during the execution of the operating system. 

22 . Avirtual computer system for executing/ controlling 
a plurality of operating systems, comprising: 

a storing means for storing periodic-timer information 
of hardware devices in respective operating systems and 
periodic-timer information of a concerned virtual computer 
system itself; 

a request receiving means for receiving a per iodic- timer 
switching request; and 

a power-saving mode switching/controlling means for 
controlling process execution of the request based on the 
periodic-timer information, and setting/changing a 
periodic-timer by comparing the periodic-timer information 
of the operating system with the periodic-timer information 
of the virtual computer system itself. 
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23 . A virtual computer system for executing/ controlling 
a plurality of operating systems, comprising: 

a storing means for storing periodic-timer information 
of hardware devices in respective operating systems and 
periodic-timer information of a concerned virtual computer 
system itself; 

a request receivingmeans for receiving aperiodic-timer 
switching request; and 

a periodic-timer switching/controlling means for 
controlling process execution of the request based on the 
periodic-timer information, and setting/changing a 
periodic-timer by comparing the periodic-timer information 
of a switched operating system with the periodic-timer 
information of the virtual computer system itself when the 
operating system is switched. 
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ABSTRACT 

In the virtual computer system, the present invention 
can reduce the power consumption by managing/controlling the 
request contents from a plurality of tasks or a plurality 
of operating systems. 

That is, in the operating system for managing a plurality 
of tasks in the virtual computer system, if the power-supply 
ON/OFF switching request is issued from the task other than 
the concerned task during when one task is in operation, the 
storing portion (1) stores/manages the task that is in 
operation currently and execution states of respective tasks 
concerning the hardware device (4) employed in the task. The 
receivingportion (2) receives/stores the power- supply ON/OFF 
switching request from the task other than the task that is 
in operation. The controlling portion (3} compares the 
content stored in the receiving portion (2) with the content 
stored in the storing portion (1) to examine. If the 
power-supply ON/OFF switching request of this time is the 
request from other task other than the task that is in operation, 
such power-supply ON/OFF switching request is processed not 
to be executed for the hardware device (4) . 
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DECLARATION AND POWER OF ATTORNEY 
FOR UTILITY OR DESIGN PATENT APPLICATION 



[ ] Submitted with Initial Filing 



Attorney Docket No.: _ 



First Named Inventor: Mika Ryukawa, et al. 



[ x] Submitted after Initial Filing 
(Surcharge (37 CFR L16(e)) required) 

Application Number: 09/8Q6'383 
Filing Datf.- March 29, 2001 

Group Art Unit: 

Examiner Name:. 



As a below named inventor, I hereby declare that: 

My residence, post office address, and citizenship are as stated below next to my name. 

I believe I am the original, &st and sole inventor (if only one name is listed below) or an original, first 
and joint inventor (if plural names are listed below) of the subject matter which is claimed and for 
which a patent is sought on the invention entitled: 

OPERATING SYSTEM AND VIRTUAL COMPUTER SYSTEM 



the specification of which (check only one item below) 
[ ] is attached hereto, 
OR 

[ X] was filed on July 25, 2 000 as United States Application Number or PCT 

International Application Number PCT/JPOO/04948 and was amended on 

(if applicable). 



I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment specifically referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 
CFR 1.56. 
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I hereby claim foreign priority benefits under 35 U.S.C. 119(a)-(d), or 365(b) of any foreign 
application(s) for patent or inventor's certificate, or 365(a) of any PCT international application 
which designated at least one country other than the United States of America, listed below and have 
also identified below, any foreign application for patent or inventor's certificate, or any PCT 
international application having a filing date before that of the application on which priority is claimed. 

Prior Foreign Foreign Filing Date Priority 

Country Application Numberrs^l (MM^P/YYYY) Claimed? 

Japan P. Hei. 11-215577 July/29/1999 Yes 



I hereby claim the benefit under 35 U.S.C. 119(e) of any United States provisional appUcation(s) 
listed below. 

Provisional Filing Date 

Application Number(s) (MM/HDA^VYY^ 



I hereby claim the benefit under 35 U.S.C. 120, of any United States appKcation(s), or 365(c) of any 
PCT international application designating the United States of America, listed below and, insofar as 
the subject matter of each of the claims of this application is not disclosed in the prior United States 
or PCT international application in the manner provided by the first paragraph of 35 U.S.C. 112, I 
acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 
1.56 which became available between the filing date of the prior application and the national or PCT 
international filing date of this application. 

U.S. Parent Application or PCT Parent Parent Fihng Date Parent Patent Number 
Number (MM/DDAnrYY;^ (if appUcabk) 
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As a named inventor, I hereby appoint each of the foUowing as my attorneys with fuU power of 
substitution and revocation, to prosecute this application and to transact all business in the Patent 

and Trademark Office connected therewith: = 

Charles B. Gordon, Reg. No. 16 923 Jeffiey J. Sopko, Reg. No. 27676 _ 

Richard H. Dickinson, Jr., Reg."NoJJ^ John R Murtaugh, Reg. No.J4226 

Thomas P. Schiller, Reg. N o. 20677 tiames M. Moore, Reg. No^J2923 

David B. Deioma, Reg. No._ 22841 David E. Spaw, Reg. No.j4732_ 

Joseph J. Corso, Reg. No^j584^ Michael W. Garvey, Reg. No^3582S, 

Howard G. Shimola, Reg. No ^6232 Aaron A. Fishman, Reg. No .,44682 — ^ 

Address all correspondence to Customer Number 116. 

Please direct all correspondence and inquiries to David E. Spaw at (216) 579-1700. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful false statements may 
jeopardize the validity of the appHcation or any patent issued thereon. 

(1) Inventor Name (sole or joint): Mika RYUKAWA 

Signature: ^^t^r^ 



Date: June 2 



:l, 2o6l 



Citizenship ■ Japan 



Post Office Address: 764-301, Kizuki, Nakahara-Jcu^, JCawasaki-shi, 
Ka nagawa 211-0025 Japan 
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'2) Inventor Name (joint): Hiroyuki SASAKI 
Signature: / 



n.,.. June 21, 2001 



Citizenship:. 



Japan 



Residence c..., Yokohama- shi , Kanagawa, Ja pan 

Post Office Address: 3-34, Nakamachidai 5-chome, Tsuzuki-ku, ^ 

Yokohama-Shi, Kanagawa 224-0041 Japan f-y\ 
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